Lipmann et al. (1947) reported that coenzyme A contained pantothenic acid bound in such a manner as to make it unavailable in microbiological tests using Lactobacillus arabinosus. King, Locher, and Cheldelin (1948) stated that Acetobacter suboxydans gave a greater and faster growth response to a pantothenicacid-containing factor isolated from heart muscle than would have been expected from its pantothenic acid content. Novelli, Flynn, and Lipmann (1949) investigated the response of A. suboxydans to purified preparations of coenzyme A and found that intact coenzyne A and the product of its degradation with liver extract exhibited a stimulatory effect on A. suboxydans in excess of their pantothenic acid equivalent. This effect was found to disappear upon treatment with intestinal phosphatase.
METHODS
The basal medium employed was that of Skeggs and Wright (1944) . The organisms used were Lactobacillus arabinosus 17-5, which was carried by transfer every 4 days in a tomato juice broth medium, and Propionibacterium freudenreichii F23, which was maintained by transfer every 4 days in a medium consisting of 0.5 per cent each of glucose, tryptone, and yeast extract. Both organisms were incubated at 32 C. Inoculum cultures were prepared by growing the organisms in tubes containing 5 ml of the basal medium, 2 ml of a 0.1-jug-per-ml solution of calcium pantothenate, and 3 ml of distilled water. After incubation for 96 hours at 32 C, the cultures were centrifuged and the cells resuspended in sterile distilled water to a reading of 30 on the "kromatrol" photometer (set at 100 with distilled water). To ensure uniform inocula, assay tubes were inoculated with 3 drops of this distilled water suspension from a sterile 2-ml syringe mounted on a ring stand with a burette clamp. All turbidity measurements were made with the "kromatrol" photometer using a no. 8 red filter at a wave length of 650 my with the exception of one experiment in which it was necessary to use a KlettSummerson photoelectric colorimeter and a red filter at a wave length of 660 m,u.
The response of P. freudenreichii F23 to known amounts of calcium pantothenate, beta-alanine, pantoyl lactone (levo,a-hydroxy-f,3-dimethyl-a-butyro- lactone), and coenzyme A was determined by distributing these substances in graded levels from zero to 1 ,ug in a series of colorimeter tubes and adding 5 ml of the double-strength medium and distilled water to a total of 10 ml. Metal caps were used in preference to cotton plugs, and the tubes were autoclaved at 15 pounds pressure for 15 minutes. With P. freudenreichii, reduced conditions were found to be necessary for good growth initiation. Consequently inoculations were made as soon as the tubes were cooled sufficiently after autoclaving; or, if allowed to stand for any period of time, the tubes were steamed for 10 minutes prior to inoculation. L. arabinosus 17-5 was used in these studies primarily as a control organism to determine possible contamination of coenzyme A samples with free pantothenic acid.
Coenzyme A samples of 10, 30, 60, and 137 units per mg were tested. The concentration of pantothenic acid in these samples was determined by using the conversion factor of Lipmann (1949) , which states that one unit of coenzyme A is equivalent to 0.7 ,g of pantothenic acid. When the coenzyme was first subjected to hydrolysis before being assayed, a concentrated solution was prepared and subjected to enzymatic hydrolysis and then diluted to the desired /-. CIrC-lbl.-7SUS -t CQ.,-? concentration. The hydrolysis methods employed were those recommended by Novelli, Kaplan, and Lipmann (1949) for the liberation of pantothenic acid from coenzyme A using intestinal phosphatase and chicken liver extract.
RESULTS
Since P. freudenreichii F23 requires only pantothenic acid for growth, the vtamins thiamine, riboflavin, nicotinic acid, pyridoxine, para-aminobenzoic acid, and biotin, necessary for growth of L. arabinos-us 17-5 in the Skeggs and Wright medium, were omitted in the initial experiments. Later experiments comparing the response of P. freudenreichii to calcium pantothenate and co-enzyme A showed that increased growth resulted upon the addition of these vitamins to the medium (figure 1). Apparently, although P. freudenreichii requires only pantothenic acid, its ability to synthesize these other vitamins is somewhat limited upon immediate transfer from complex medium (Delwiche, 1949) , and additional growth results from their inclusion in the medium. Consequently, in subsequent tests using this organism, these vitamins were added to the basal medium, eliminating the necessity of preparing two basal media.
P. freudenreichii F23 was found to respond to a somewhat wider range of calcium pantothenate than L. arabinosus 17-5. P. freudenreichii showed increased growth within the range of 0.0025 to 0.1 ,ug per ml calcium pantothenate, but L. arabinosus did not exhibit appreciable increases in growth beyond a level of L.E. 0.03 ,ug per ml. Neither organism was found to respond to beta-alanine or pantoyl lactone or a combination of the two. When the response of both organisms was tested using increasing amounts of intact coenzyme A, P. freudenreichii was found to give a response that was approximately one-third of the response to equivalent levels of calcium pantothenate. This effect was similar with the 30-, 60-, and 137-units-per-mg samples (figure 2), but somewhat lower turbidities were observed using the 10-unitsper-mg sample. L. arabinosus produced essentially no growth in the presence of the intact coenzyme, regardless of purity.
Upon hydrolysis of the coenzyme A with intestinal phosphatase and chicken liver extract, either alone or in combination, increased growth resulted (table  1) . Both intestinal phosphatase and chicken liver extract were required to render essentially all the pantothenic acid present available to P. freudenreichii as well as to L. arabinosus. The relative inefficiency of P. freudenreichii in the utilization of coenzyme A in satisfying its pantothenic acid requirement for growth is difficult to explain in terms of the data herein presented. It is, of course, quite obvious that membrane permeability may be a factor in the case of the large coenzyme A molecule, which contains phosphate groups. Our results with coenzyme A samples of varying purity showed that samples of low purity were less effective in stimulating the growth of P. freudenreichii than samples of greater purity. This would seem to be in agreement, at least superficially, with the findings of Novelli, Flynn, and Lipmann (1949) that the rate of dialysis of coenzyme A varied with purity, the variability very likely being caused by impurities that affected pore size and charge.
The increased need of pantothenate when in the form of coenzyme A may also be a result of degradation, occurring before, and necessary to, assimilation into the cell. The stimulation of A. suboxydans by coenzyme A is interesting in this respect in that growth is faster and more extensive with the intact coenzyme than with equivalent amounts of pantothenate, and that this effect disappears upon treatment with intestinal phosphatase (Novelli, Flynn, and Lipmann, 1949) . Sarrett and Cheldelin (1945) demonstrated that this organism was capable of utilizing the hydroxy-acid portion of pantothenic acid (pantoyl lactone) to satisfy its pantothenic acid requirements. Neither beta-alanine nor pantoyl lactone will substitute for pantothenic acid with P. freudenreichii or L. arabinosus, and for both of these organisms hydrolysis of coenzyme A with intestinal phosphatase caused an increase in growth. It is possible that for A. suboxydans permeability alone is not the answer, and that it may possess the ability to cleave the lactone portion of the coenzyme A molecule and utilize it in the synthesis of the coenzyme within the cell. The effect of intestinal phosphatase in lowering the ability of coenzyme A to stimulate the growth of this organism may be in altering the structure of the molecule sufficiently to prevent this cleavage from occurring.
It is our opinion that studies of this nature may be helpful in the elucidation of the structure of the coenzyme A molecule. The use of P. freudenreichii F23 as an assay organism along with the use of L. arabinosus to correct for free pantothenate is suggested by these data. coenzyme A. The response of the organism is in the range of 0.0025 to 0.1 ,g pantothenic acid equivalent per ml. P. freudenreichii F23 was found to give a response to coenzyme A that was approximately one-third of the response to an equivalent amount of calcium pantothenate. This response was found to be increased by treatment of the coenzyme A with intestinal phosphatase and chicken liver extract.
